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ABSTRACT
Thermographic fever-screening systems have been deployed widely for the non-contact detection of
febrile temperatures during the COVID-19 pandemic. The standard for required performance (IEC
80601-2-59:2017) [1] of thermographic screening systems describe a specification-based
requirement to assure the system is able to detect real febrile temperatures, but does not describe any
clinical testing. Thermographic systems have been shown to be sensitive to febrile temperatures in
controlled [2,3] and real-world conditions [4]. However, concerns have been raised about elements
of these standards [5,6]. In a related report by the author [20], the size-of-source artifact was
presented as a major confound in thermographic systems, causing surface temperatures to be altered
by enough to make certain systems miss common fever thresholds, and this confound is not
addressed by the standard. More concerningly is the recent observation of unacceptably strong
bias-towards-normal algorithms in a selection of widely-deployed thermographic systems [7].
On the other hand, the standard covering non-contact body thermometry (IEC 80601-2-56:2017) [8]
describes both laboratory and clinical testing to assure the system can detect febrile temperatures.
Many single-pixel and at least one multi-pixel infrared thermometers are widely available with
510(k) marketing approval by the US FDA. In principle, clinical testing can give a greater certainty
about real-world device performance. However, as we show in this report, many if not most of these
devices also resort to unacceptably strong bias-to-normal algorithms, with parameters such that they
would not be able to distinguish body temperatures ranging from 95F to 103F from normal, similar
to the observations of [7]. A challenge for the clinical testing of thermometry and screening devices
is the impracticality of finding a population of individuals having a sufficient distribution of elevated
temperatures, rather than one group of normal and one group of severely febrile. In this report, we
characterize the physiology of the core-to-surface skin temperature relationship, show how several
approved devices deviate significantly from this relation and demonstrate a simple test protocol to
assess the real-world sensitivity and specificity of an elevated body temperature system. The data we
provide in this report show it is possible that many, if not most, non-contact thermometry and
thermographic devices are inadequate for their intended uses and investigation is urgently needed.
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1. INTRODUCTION
Core body thermometry, as one of the vital signs, has clinical utility for a variety of diagnostic
purposes. The present purpose is identifying febrile individuals having a core body temperature
above some threshold over the normal healthy temperature. Here, we take 98.6F (37C) as normal
and 100.4F (38C) as the threshold of interest, although these values are not necessarily a “true”
normal or febrile. Thermometry devices fall into two primary categories: direct and adjusted. Direct
thermometry relies on the sensing element reaching equilibrium with the body component being
monitored, whether oral, rectal, axillary or internal. Adjusted thermometry takes a calibrated sensor
reading and adjusts it appropriately to a sufficiently-accurate surrogate for one of the direct routes.
Adjusted devices fall into two further categories: time-based and location-based. Oral thermometry
returning a reading in under ten seconds is the most commonly used time-based adjustment-mode
thermometry. Non-contact infrared thermometry (NCIT) with long-wavelength infrared (LWIR) is a
location-based adjustment-mode thermometry, where the adjustment is made based upon the
location being measured, such as the forehead, inner canthus, or the ear canal. Most often, NCIT is
performed using single-pixel sensors over the forehead location. Single-pixel sensors can be
calibrated to accuracy of below 0.1C, but the use of these systems requires close positioning and
furthermore, medical professionals have been voicing concerns that these single-pixel NCITs do not
perform adequately [9,10].
NCIT with thermal imaging, or an image of many pixels, allows operation from a greater distance
and can be used to measure the temperature of the inner canthus, which is known to be more reliable
than the forehead [3]. However, this relies on determining objectively how bright an object is in the
long-wavelength region of light, which is challenging due to background light, self-emitted light and
stray light that is constantly changing by an order of magnitude more than the desired accuracy and
is thus far a more difficult challenge than the calibration of single-pixels. The varying offset
presented by these sources can be predicted and partially removed by calibration, but it is often not
possible to get below a 2C accuracy figure, despite the image providing excellent clarity below 0.1C.
For this reason, an external temperature reference source (ETRS), or infrared calibration target, with
a known, accurate LWIR brightness is left within the field of view, and the resulting image accuracy
becomes as good as the mixing of the candle’s accuracy and the image’s clarity. Therefore, any
imaging-based system known today requires an IR calibration target in the field of view to achieve
the necessary accuracy.
Ultimately, the diagnostic quality of non-contact thermometry is dependent on the quality of the
sensor value and the quality of the adjustment to the sensor value. The sensor quality is partially
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addressed by the standards, although recent criticisms of the IEC standard have been raised [5,6]
(and a further update is proposed by the authors to the thermographic standard in [20]). However,
the adjustment is simply not described in the standard or in the literature. Nearly all such devices
today rely on a fixed adjustment, or a fixed value offset between core body temperature (however
defined) and the surface temperature of the location. Previous literature shows this is valid if the
environmental temperature is highly stable, deviating less than a fraction of a degree from the
original setpoint. The ISO standard however, allows the air temperature to range from 20 to 24C,
and we have found a nearly 25% dependence of the adjustment factor on air temperature, meaning
this range is sufficient to allow as much as 1C peak-to-peak deviation in the final adjusted core
temperature output. We are unsure why the idea of a fixed offset became canonical. We can only
speculate that once the standard treated it as a fixed offset, it was assumed by most users of the
standard to be established physiology.
The dependence of skin temperature on environmental temperature is examined in more detail in
Section 2 but the basic concept is illustrated in the figure below, showing how surface temperature
of the inner canthus changes by 3.4F when the air temperature is changed by 14.3F. These effects
may be different in other systems (particularly higher-resolution), the subject of ongoing research.

Figure 1. Thermographic device that uses Equation 2 from Section 2 (not a fixed offset but an
ambient temperature-dependent offset, described below) to adjust a surface temperature. Top panel
shows the device and subject, bottom shows the view from the thermal camera from a single
snapshot of a sequence of 9 images collected and used to produce the display output above, with an
inset for each thermal image showing the inner canthus surface (S), ambient (A), and extrapolated
core (C) temperatures. First column shows equilibration to 73F air. Second column shows entering a
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heated enclosure at 86F while the face is still equilibrated to the lower temperature air - note the
surface temperature has not changed while the extrapolated core temperature has dramatically
declined due to the incorrect assumption of equilibration. The third and fourth columns show
gradual equilibration and rise in surface temperature such that after a period of time, the face has
equilibrated to the higher temperature, and the extrapolation is now correct.
A simple thought experiment has usually been sufficient to convince listeners that it is not a fixed
offset - imagine heating a room to 98.6F, will the offset remain or will it diminish, reacting to the
change in air temperature? Similarly, imagine spending time in freezing conditions, will the offset
remain fixed or will it increase? The first response is usually, “yes, it can vary over those extremes,
but can it be approximated by a fixed offset if the air temperature is stable?”, to which we refer to
the 25% dependence described above. It can matter enough that even if following the ISO standard,
not accounting for this effect can turn an ideal system with 95% sensitivity to 100.4F fevers into a
system with less than 50% sensitivity to 100.4F fevers or into a system with a more than 50% false
positive rate.
It is clear that there are few or no non-contact thermometry systems having a false positive rate near
these levels. Most devices seem to have abnormally low false positive rates even below those of
gold standard oral thermometry despite the reasonable assumption that non-contact infrared is highly
likely to perform somewhat worse than oral thermometry, not better. Given this issue, how could a
device with a fixed offset perform with a far lower false positive rate in the presence of varying
environmental conditions? While it is possible the systems are in truth using a higher threshold and
can thus only catch high fevers, this is not disclosed. Another possibility is the use of adaptive
thresholds, which dynamically shift with changes in the average skin temperature seen, but only a
few systems advertise the ability to do this. The answer may lie in the use of bias-to-normal
algorithms, which we will investigate shortly. More importantly, how could a device with a fixed
offset produce acceptable clinical testing results?
The clinical testing specified for adjustment-mode thermometry (IEC 80601-2-56:2017) states that
from a population of at least 105 individuals in the age range indicated, at least 30% must be febrile.
In hospital populations typically used for these studies, nearly all or all febrile individuals are highly
febrile. Unfortunately, as we discovered, the ability to identify a 104F or 105F fever may have little
relevance for the ability to identify a 102F fever, which is far more relevant for fever screening
purposes. An individual with a 104F fever is more often than not well aware they are unwell, and if
they are attempting to pass border controls, they may take antipyretics to reduce their fever by a few
degrees. Triage nurses in most clinical environments typically see adult febrile temperatures in the
101-102F range, rarely in the 103-104F (children tend to be more varied up through the extreme
ranges). We have discovered that NCITs can in controlled conditions identify 103F and up fevers,
but fail to detect more than a few percent of 102F fevers in these same controlled conditions.
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However, it may not be feasible to require devices to undergo testing with an evenly-distributed
range of febrile temperatures, because this would place possibly unacceptably higher recruitment
demands on studies and expose far more individuals to potential risk.
Ultimately however, because the physiologic dependence on environmental temperatures is highly
stable, this is not necessary, and it is possible to objectively manipulate face temperatures of healthy
individuals to simulate febrile individuals with the required precision. If such a method were
confirmed to be reliable, it could expand access to more providers of such technology, thereby
increasing competition and quality among these providers. In this report, we first establish the
physiology of core-to-skin surface temperature. Next, we investigate how closely two example
single-pixel NCITs conform to these relationships. Finally, we describe and demonstrate a simple
test protocol that allows the accurate determination of what febrile temperatures a system can detect
with 50% probability (e.g. the most likely minimum fever level detected at better than chance) and
90% probability (e.g. the minimum fever level consistently detected).
2. PHYSIOLOGY OF CORE-TO-SKIN TEMPERATURE
The physiologic offset is the difference in temperature between core body temperature (in this work,
our reference site for core is the oral site) and a reliable skin location on the face. For a given
ambient air temperature, this reduction due to heat flowing across a known skin location is widely
considered stable from person-to-person and is the underlying method of thermographic, infrared
and several types of contact thermometry [11-15]. In humans, the effect is approximated well by a
linear relationship, which has been documented in the literature over typical ambient air
temperatures between 30F and 100F [11-15]. See for example Figures 10 and 11 in [15]. This
relation has been confirmed by a pilot study incorporating 32 volunteers performed in June 2020,
where each individual’s facial maxima was recorded while the subject had equilibrated at three
stable ambient temperatures ranging from 45F to 85F (described below).
For skin having minimal vasomotion, the slope of the relationship is driven by the thermal resistivity
and the environmental conditions. The total heat flux from core blood in the angular artery through
this area of skin to the environment is set by the resistivity of the skin and the conductivity and
convection of mostly still air and the radiation balance to the surrounding environment. Evaporative
cooling from perspiration can also have a variable effect, even in skin that is apparently dry to the
touch, but for the purposes of this report, we defer this variability to future study. Radiation balance
can be surprisingly important, and we will touch on unexpected deviations from the radiation
balance in our test protocol, but for the present discussion we will assume it is constant and that the
surrounding objects are emissive and are within a few degrees of the local air temperature. This
thermal physics scenario is analogous to that of insulation on a heated (or cooled) building, where if
one were so inclined, one could measure the exterior temperature in still air at different external air
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temperatures (and constant interior temperatures and no direct solar radiation) and extrapolate the
interior temperature.
The reason for targeting the inner canthus is the relative thinness and consistency across people of
this insulative skin above the vasculature fed by the angular artery (fed by the facial artery, which in
turn is fed by the external carotid), and the relative lack of autonomic vasoreactivity in the inner
canthus. This region is considered the most reliable area of normally-exposed skin for non-contact
thermometry. The forehead also has arteries near the surface, but they are more variable in location,
the thickness of skin at the forehead is more variable from person to person and finally the presence
of significant autonomic vasoreactivity in the forehead. A clinical study [3] involving regions of
interest encompassing the forehead, inner canthi and whole face maxima revealed a large difference
between forehead and inner canthi, with inner canthi significantly more reliable, and surprisingly,
whole face maxima to be the most reliable for detection. This is likely due to the variable presence
of arteries that are as hot as the inner canthi as well as partially insulated regions such as the hairline.
Tsurface = Tcore - 0.19 * (Tcore - Tambient)

Equation 1

The physiologic calibration factor can be obtained using a suitable population of test subjects with
core body temperature measurements and inner canthus surface temperature measurements in at
least two stable ambient air temperatures after each subject being scanned has fully equilibrated to
each ambient air temperature. Our physiologic calibration factor study was performed using a
population of 32 individuals each scanned after equilibration in three different areas having ambient
air temperatures of 45F, 70F and 85F and with oral thermometry performed once with a clinical
heated probe oral thermometer (Welch Allyn SureTemp Plus 690) which had its accuracy tested in
an immersion circulator water bath accurate to 0.1C traceable to NIST calibration standards
(PolyScience SD7LR-20). For each scan, the ambient air temperature was recorded.
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Figure 2. Dataset collected in 32 individuals in June 2020. The slope of the surface to core relation
was obtained ignoring the 45F datasets after determining these were collected with insufficient
equilibration (2 minutes) and the ambient temperature was found to vary from 45F to 55F over the
course of an hour and a half data collection. It is also possible the offset is not not well approximated
by a linear fit over this wide of a temperature range, which is expected to break down at some lower
and higher limits.
The physiologic calibration factor is obtained by fitting the surface temperature data to the oral
temperature data, where the range in ambient temperatures must be sufficiently far apart to minimize
the error of the resulting fit. We caution researchers and engineers that the exact calibration factor
should be independently obtained at one time with the equipment intended for use and referenced to
traceable calibration standards at that time, because it is possible there exist equipment- dependent
factors, such as sensitivity to background emissivity, that could result in a different calibration factor.
Equation 2 is merely Equation 1 trivially rearranged for ease of use because in most conditions, the
user is trying to extrapolate the core temperature from the surface and ambient air temperatures. The
primary reason for presenting Equation 2 here is to demonstrate that the extrapolation from surface
to core uses a larger factor that results from the rearrangement and help prevent early errors in usage.
Tcore = Tsurface + 0.24 * (Tsurface - Tambient)

Equation 2
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Figure 3. Effect of ambient temperature on inner canthus skin temperature (surface temperature) and
corresponding relationship with core temperature. Raising the ambient temperature from 73F to
86.6F causes an increase in skin temperature for a constant core temperature. Blue line is valid
adjustment when air is 73F, red line is valid adjustment when air is 86.6F.
These equations may be used for temperatures in any of Fahrenheit, Celsius or Kelvin. For example,
in a room temperature of 68F, using the first formula, a core body temperature of 98.6F would
correspond to a surface inner canthus temperature of 92.3F. Conversely, using the rearranged
Equation 2, a surface temperature of 95F in room temperature of 68F would correspond to a core
body temperature of 101.25F, which is above a mild fever threshold of 100.4F. If the room
temperature were increased to 75F, a surface temperature of 95F would correspond to a core body
temperature of 100F, and would be considered below (most) fever thresholds. Note, these relations
can be expected to deviate as the ambient temperature approaches normal core body temperature and
is the subject of future study.
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Figure 4. The ambient air temperature (left) and adjusted core temperature (middle) using Equation
2 in 12147 scans collected by a screening station over a two month period in a nursing home
reception area from May to July 2021 (legend shows detection rate of 2.8%, most of which are
borderline false-positives).
The above figure demonstrates the efficacy of the surface-to-core relation determined from the June
2020 pilot study, in a real-world setting we have never visited and have no control over. The
standard deviation of the extrapolated (Eqn 2) core temperature distribution (middle panel) is 1.14F
(which we expect to be larger than what would be provided by an oral thermometer, although we do
not have the data to confirm or reject this assertion), despite being sited in a non-ideal scenario
where employees and visitors are moving from an outdoor environment to a screening station within
a few minutes and where the ambient temperatures routinely ranges from 72 to 77F and extends as
far as 70 to 80F. Inspection of the scans below 96.5F reveal that most are of individuals wearing
eyeglasses, but note that sometimes due to hotspots appearing on the forehead due to hot arteries or
hairline (and as noted in [3], the full face maxima has slightly higher sensitivity than the inner
canthus), individuals wearing glasses can obtain an apparently normal scan, which is why the system
should detect and attempt to enforce the removal of eyeglasses. To date, four real fevers have been
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identified by this system, all of which were below 102F. Approximately one false positive per day is
seen, which is handled by re-screening the individual up to two additional times.
Non-contact IR thermometers must account for this environmental dependence if the expected
variability in the environment is large enough. However, it may be possible to make a device appear
accurate over a wider environmental range by using a bias-to-normal algorithm.

3. BIAS-TO-NORMAL ALGORITHM
The standard deviation of human core body temperature measurements in the ambulatory general
population will lie within 0.9F of the population average (the question of what value best represents
the average body temperature is controversial and will not be covered here, nor will the issue of the
various causes of normal daily variability), except in febrile individuals. If some thermometry device
has a large inaccuracy such that it will report values ranging over 3 degrees F or more across a few
individuals, it would be immediately recognized as faulty or useless. If this same device merely
mixes these inaccurate sensor values with the canonical population average, and the mixing uses a
sufficiently strong weighting towards normal, the device may appear to be accurate and will also
have the attractive feature of producing few false positives. It will also present a suspiciously small
measurement standard deviation and if it is an imaging-based system it will likely report normal
temperatures even for most individuals wearing eyeglasses (due to occasional hotspots away from
the canthus, some eyeglass-containing scans will produce normal readings, but an imaging system
that consistently reports normal whether wearing glasses is a potential concern).
The bias-to-normal algorithm consists of a weighted sum of an expected value (weighted with a
fraction representing the strength of the correction) with the actual sensor value (weighted with 1
minus this fraction), up to a specified maximum or minimum deviation from the expected value
(width). Thus, the bias-to-normal can be characterized by the magnitude of the alpha weighting for
the expected value and the cutoff beyond which the alpha blend no longer applies - strength and
width. A strength of 0% means the sensor value is trusted implicitly. A strength of 100% means the
sensor is completely ignored. The width is less important unless it is particularly narrow, such as
below 3F, at which point such a narrow width could produce a system that has some sensitivity to
real fevers around 102F, although we have not yet observed such a narrow width.
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Figure 5. Surface to core temperature relations for two ambient temperatures (68F in blue and 75.2F
in orange, or 20 and 24C) with a single 70% 8F-wide bias-to-normal overlain in green. Dashed lines
showing a “normal” range within 0.9F of 98.6F. Reasonable (but incorrect) core temperatures can be
obtained while ignoring the effect of ambient temperature by use of a suitable bias-to-normal
algorithm.
The figure above shows how a single bias-to-normal could allow a system to appear to cover the full
ISO ambient temperature range without correcting for ambient air temperature. Now that we have a
simple characterization and sketch of what a bias-to-normal may look like, we can measure and
characterize what is done internally by single-pixel NCITs using a laboratory IR calibration target.
The figures below show these plots for two NCITs and empirical characterizations matching each
system’s transfer function converting surface temperature into a core temperature estimate.
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Figure 6. Surface to core output for two commercial off-the-shelf NCITs, both of which have 510(k)
approval from the US FDA. Note, there was no observable change in the observed output with
change in air temperature. The bias-to-normal on left has a width of 8F and a strength of 80%. The
bias-to-normal on right has a width of 9F and a strength of 66%, with a continuing weaker ~35%
normalization continuing beyond the upper cutoff of the primary 9F-wide region.

Figure 7. Same as Fig 6 but with empirically-derived 3-component piecewise linear bias-to-normal
algorithm having 80% normalization for left panel and 66.7% normalization for the primary window
in right panel and 35% normalization for the higher range of temperatures.
These empirical characterizations can be used to assess the impact of the bias-to-normal on
simulated populations with normal and various febrile thresholds, by generating a large random
normal distribution with the appropriate population standard deviations and offsets and passing these
through the empirical fits.
The figure below shows the effect of these real-world bias-to-normal algorithms on simulated data
that has a variability matched to forehead NCIT devices, based on the higher variability measured in

Proc. of SPIE Vol. 11831 118310O-12
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 20 Aug 2021
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use

the forehead versus the inner canthus. These devices still have some sensitivity particularly at the
high fever range. However, because these devices do not correct for ambient temperature, one could
shift all the temperatures measured by 0.236 times the increase in temperature and obtain a more
favorable sensitivity. Therefore, if these devices were simply tested in a warmer room, the true
positive rates would increase.

Figure 8. Normal non-febrile distributions (solid blue) and febrile (dashed open blue line) 101F (first
column), 102F (second), 103F (third) and 104F (last column) on top row. Middle shows effect of the
first empirical bias-to-normal determined in Figure 7 and bottom shows the effect of the second
empirical bias-to-normal.
These plots and readily-available marketing images show it is possible that few, if any, non-contact
thermometry devices perform adequately for febrile screening and investigation is urgently needed.
However, it can be difficult to assess imaging-based systems in this manner if they rely on face
detection to operate. This was a major motivation for this study, to provide a method that relies on
the same underlying physics and physiology of febrile screening to assess the actual performance in
systems following their indications for use.
4. TEST METHOD
Figure 1 in the introduction demonstrates the concept that the physiologic dependence on the
environment can provide us with everything we need to develop improved core body temperature
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methods. This effect gives us a method to set face temperatures in healthy individuals such that a
non-contact device can be tested for its ability to measure whatever core body temperature we desire
(within reason). Furthermore, this can all be done according to the indications for use and operating
instructions provided by the manufacturer, and while placing no special demands on ambient
temperature beyond those established by the facility for comfort. From some test protocol, we wish
to determine what elevated temperature a system could be sensitive to with better than 50% odds and
to determine what elevated temperature a system could reliably identify (with 90% odds).
The test requires the device under study and two environments, the first of which is a normal room
or area inside a facility where the environment is controlled by the facility as normal and the second
of which can be heated above the first environment’s temperature to within 1F of desired setpoints.
The device must be within a 30 second leisurely walk of the second environment and it must not
have significant airflow (following the ISO standard for implementation of a screening
thermograph). The second environment is heated to a range of air temperatures selected to induce a
series of elevated temperatures in healthy individuals who have initially equilibrated to the air in the
first environment. These individuals will first receive a measurement by the device located in the
first environment and then proceed to the second environment, remain inside this heated
environment for a period of time before exiting the heated environment, and finally receive a
measurement by the device in the first environment. This process will repeat for each setpoint. This
test relies on the time required for equilibration being sufficiently greater than the time required to
leave the heated environment and receive a measurement. We have found in preliminary studies that
the skin surface temperature is within 0.1F of its first temperature during the first minute of exposure
to a new environmental temperature, which could be due to the local vasculature doing a form of
quorum sensing (e.g. waiting until the temperature delta has persisted for some small amount of time
before allowing a reaction) or it could simply be insufficient data to capture the initial decline well
enough to identify the start of an exponential shift to the new ambient temperature. Further study is
needed.
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Figure 9. Environmentally-controlled enclosure (3-person ice fishing tent) containing a 750W space
heater controlled by a relay configured to maintain a ±1F window about a given setpoint. Actual
setpoints for heater determined empirically such that measurements of the interior with a surface
mode NCIT match the desired setpoint. Primary thermographic screening device is shown to the
lower right with a NCIT thermometer on the shelf below. A second identical thermographic device is
maintained inside each enclosure.
4.1 Environmental Setpoints
Using Equation 1, we can determine what elevation in air temperature can be expected to produce a
given rise in core body temperature estimation. For every 1.8F (1C) increase in core temperature, the
ambient air temperature in the second enclosure should be elevated over the first environment’s
temperature by 7.61F. We desire a uniform distribution of febrile temperatures, starting at the lowest
febrile elevation of 1.8F and ending at the lowest useful febrile elevation of 4.5F (2.5C) which
corresponds to endpoints of 100.4F and 103.1F, and granularity of half the lowest elevated
temperature, or 0.9F (0.5C). Thus, our desired elevated temperatures are 100.4F, 101.3F, 102.2F and
103.1F, for a total of 4 setpoints. If the first environment is at 72F, we must heat the second
environment to 79.6F, 83.4F, 87.2F and 91.1F. In practice, it may not be practical to control both
environments to better than 1F over the course of the hour required, which will distort the elevated
temperatures obtained by as much as 0.26F if both environments are off by 1F in opposite directions.
However, the conclusions are unlikely to be significantly distorted by these setpoints and a
follow-up study with greater granularity may be used to better identify the 50% and 90% thresholds.
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With a sufficient sample size, the 50% sensitivity level would be determined by finding the
simulated elevation where at least 50% of the measurements are above the 100.4F febrile threshold.
The 90% threshold would be determined by finding the elevation where at least 90% of the
measurements are above the threshold. Our research study will recruit up to 50 individuals but has
not begun recruiting subjects, thus we only have preliminary data to share at this time.

Figure 10. Preliminary data from an ongoing research study, showing surface temperatures measured
after equilibration to tents set to 68F, 72F, 76F and 86F, producing surface temperatures of 92.5F,
93.6F, 95.3F, 95.9F (blue line). Application of the ambient temperature-dependent physiologic offset
using the heated air temperature the subject was exposed to produces core temperature estimates, all
within 0.1F of 98.25F. Application of the unheated air physiologic offset produces core estimates of
98.3F, 99.7F, 101.7F, 102.5F (green line).
The figure above shows preliminary data across a range of heated air temperature tents relative to an
unheated tent. In this preliminary dataset, we were unable to reach the highest temperatures required
due to the building’s setpoint of 72-74F, so the 68F tent was cooled using a portable air conditioner
unit. The tents and heaters/coolers were modified to control spurious air flows near the devices or
subjects and to control the background radiative temperature to more closely match the air
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temperature inside the tent. We found it necessary to hang cotton sheets from the tent ceiling to
provide a radiative environment matched (within 2F) to the internal air temperature, which was
confirmed using an NCIT in surface temperature mode and standard thermographic techniques for
determining background radiation levels.
5. DISCUSSION
In this report, we have approximately characterized the physiologic offset and demonstrated a linear
dependence of the offset on environmental temperature. A more precise measurement is ongoing in
our research study for which we anticipate beginning recruitment by August. This study will allow a
more precise measurement of physiology over a carefully controlled range, and will also generate
data for determining the 50% and 90% threshold in non-contact thermometry devices. The June
2020 pilot data used to obtain the first characterization suffered from several weaknesses, including
most importantly the lack of a size-of-source artifact correction but also a lack of calibration
traceability, a real-time thermographic face detection routine and several calibration enhancements.
These weaknesses have been addressed in the current generation device, which will be the device
used in the study.
The dependence of the physiologic offset on environmental temperature allows us to generate a
continuum of simulated elevated temperatures using only healthy subjects in order to obtain a
meaningful assessment of device performance operated according to its indications for use. This
simple test protocol should enable improvements in non-contact thermometry, whether single-pixel
or thermographic. We can make data and analyses available for consideration by the standards
committees for 80601-2-59 and 80601-2-56. We urge the committee to incorporate laboratory testing
to measure the surface-to-body transfer curves for single-pixel NCITs as in Figures 6 and 7 in order
to assess the effect of bias-to-normal algorithms.
Non-contact systems routinely claim accuracy that we believe is not supported by evidence. Users
have been conditioned to expect low variability despite variable conditions, and if users were
presented with high variability they may cease to rely on these systems, which is justifiable if the
systems in question could not reliably distinguish a mild-to-moderate fever. It may be acceptable to
incorporate some much smaller level of bias-to-normal algorithm in order to maintain a reasonable
false positive rate in varying conditions, but this must be disclosed to the user or the system’s actual
sensitivity be reported following the elevated temperature testing described here. A better solution
would be to exclude the use of bias-to-normal algorithms and rely on an increased febrile threshold,
with the resulting impact on sensitivity to real fevers disclosed to the user.
In some devices following the ISO standard, the febrile physiology is assumed to be purely additive.
As described in the introduction, these devices take a fixed offset between core and surface
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temperature, and add this to whatever calibrated sensor value is obtained. Thus, if the offset is 4.5F
and the device measures 94.1F, the device will report 98.6F. If the device measures 96.1F (2F
higher), the device may report 100.6F. Based on the literature and our confirmation of a linear
dependence, and the measured slope of this dependance, this is an incorrect assumption, and the
measurement of a 2F elevated skin temperature projects to a higher extrapolated increased core
temperature of 2.5F (arising from the 1.24 factor in Equation 2).
If a study is performed to determine the physiologic offset equation, that data must not be used in the
clinical study validating the device because it would be a bias towards improved performance that
will not persist through to real-world usage. Unfortunately, many thermographic clinical studies
have used offsets determined post-hoc from the same data as used in the analysis of efficacy, which
is all but guaranteed to provide better apparent performance than using an independent data set. The
final test data must be independent of any data used to inform the fixed calibration parameters of the
device, including the offset(s).
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